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ABSTRACT 
Role of DTI in Epilepsy 
Author: Dr. Prem Chand, Prof.  Amarnath Chellathurai,  Prof. G.Sathyan, Dr.Suhasini , 
Dr. Ganga Devi,Dr.V Sudhakar, and Dr.Siva Shankar. 
INSTITUTION: STANLEY MEDICAL COLLEGE 
 
Background: 
                     Diffusion Tensor Imaging (DTI) is a new non invasive MRI technique 
which provides insight into the white matter microstructure. In focal epilepsy widespread 
DTI abnormalities have been reported. In mesial temporal lobe sclerosis (MTLS) 
patients, although conventional MRI only shows unilateral involvement of the 
hippocampal sclerosis, DTI was found to be useful in demonstrating the spread of 
epileptiform activity to other regions of brain as well.  
Aim and Objectives:  
                 We aimed to prove this hypothesis by assessing DTI measurements in various 
portions of the brain in MTLS patients. 
Material and methods:                
                  We retrospectively evaluated 21 patients with unilateral MTLS by using DTI, 
MRI, clinical and EEG parameters. Of these 10 were Right sided and 11 were left sided 
MTLS. We compared the mean diffusivity (trace D) and fractional anisotropy (FA) from 
symmetrical voxels by sampling the following  areas namely middle cerebellar peduncle, 
corpus callosum ,uncinate fasciculus, inferior fronto occipital fasciculus , inferior 
temporo-occipital fasciculus, parahippocampal white matter, fimbria and fornix  , 
hippocampus cingulated gyrus ,thalamus, internal capsule, caudate and lentiform nucleus  
. We compared these measurements with the EEG, high-resolution MR imaging, and 
clinical information.  
Results: 
            There was statistically significant decrease in FA values with increased mean 
diffusivity was seen in the regions beyond the structurally abnormal hippocampus which 
could not be picked up by conventional MRI. 
 
 Conclusion:   DTI is highly sensitive to cortical micro structural changes that underlie 
epilepsy. DTI is an important radiological tool in the pre surgical evaluation of epilepsy 
and surgical planning. 
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Introduction 
 A seizure is defined as the signs/symptoms caused by  the abnormal 
excessive neuronal activity in the brain. Epilepsy is the tendency to have 
unprovoked seizures. About 1% of people worldwide are suffering from  epilepsy  
and the sensitivity of conventional MRI with the current epilepsy protocol in 
identifying the epileptogenic focus is only slightly greater than 50%. So there is a 
need for additional sequences like diffusion tensor imaging in cryptogenic cases of 
epilepsy. 
 The most common form of focal epilepsy is Temporal lobe epilepsy .The 
etiology can be varied like hippocampal sclerosis, malformations of cortical 
development, mass lesions, AV malformations, gliosis etc. Previous studies with 
diffusion tensor imaging have shown increased apparent diffusion coefficient and 
decreased fractional anisotropy in the seizure focus3.Though the origin of seizure 
activity is focal, there is widespread propagation of synchronized neuronal firing in 
seizure disorders via neuronal networks and other cortical and subcortical regions 
of the brain are affected9.These widespread changes may be reflected as altered 
diffusion tensor imaging metrics.  
 Diffusion weighted imaging was introduced in 1986 by Le Bihan et al. By 
introducing directionality into diffusion weighted images, diffusion tensor images 
are obtained1. It assesses the molecular and biochemical environment of cerebral 
tissue noninvasively and is capable of demonstrating microstructural alterations in a 
variety of disorders. 
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 Colour coded fractional anisotropy maps and diffusion tensor imaging 
tractography are used in depicting the relationship of masses to adjacent white 
matter tracts for presurgical evaluation3. Diffusion tensor imaging metrics such as 
fractional anisotropy and apparent diffusion coefficient have also been used to 
differentiate solitary metastasis from gliomas3. 
White matter abnormalities in fornix, uncinate and arcuate fasciculus, 
inferior longitudinal fasciculus, motor projection fibres and the cerebellum are 
correlated with the cognitive performance16.Abnormalities in the uncinate 
fasciculus has been shown to be associated with memory, social anxiety, depression 
and anxiety15. These white matter tracts are shown to be involved in temporal lobe 
epilepsy and evaluation of these regions by diffusion tensor imagingmay provide 
useful information as to the diffuse changes in the brain that may accompany TLE.  
 
To date, there are many diffusion tensor imaging studies in the hippocampus 
and extra temporal grey and white matter in patients with temporal lobe epilepsy. 
However, the results are variable20. Moreover, to the best of our knowledge, there 
are no published DTI studies in Indian patients with temporal lobe epilepsy on the 
widespread changes in grey and white matter. 
 We have intended to explore the utility of diffusion tensor imaging in 
temporal lobe epilepsy, and depict the focal and widespread abnormalities that 
occur in temporal lobe epilepsy in both hippocampal and extra hippocampal cases 
in our population. The study might establish the diagnostic value of diffusion tensor 
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imaging in epilepsy, and incorporate it in routine protocol. DTI might show the 
extent of microstructural alterations when the imaging features are normal. 
 
HYPOTHESIS: 
 
1. Mean diffusivity is increased and fractional anisotropy is decreased in       
hippocampus in patients with  unilateral mesial temporal sclerosis and these  
change in diffusion tensor matrics  are  more  on ipsilateral side. 
2.  Altered diffusion tensor imaging metrics are seen in extra temporal regions 
in patients with temporal lobe epilepsy and these change are more on 
ipsilateral side. 
 
NEED FOR THE STUDY: 
 
1. To explore the role of diffusion tensor imaging of hippocampus in temporal 
lobe epilepsy and establish the diagnostic value in regular epilepsy protocol. 
2. To prove/disprove that various white matter tracts and deep grey matter 
show altered diffusivity in cases with temporal lobe epilepsy. This could 
help in determining the disease extent and in prognostication. 
3. To prove / disprove that the changes in various white matter tracts and deep 
grey matters are more toward ipsilateral side. 
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AIMS & OBJECTIVES: 
 
1. To compare the fractional anisotropy and mean diffusivity of ipsilateral and 
contralateral hippocampus of unilateral temporal lobe epilepsy patients with 
controls. 
2. To analyse the fractional anisotropy (FA) and mean diffusivity (ADC) of 
various white matter tracts and the deep grey matter of unilateral temporal lobe 
epilepsy patients with contralateral side. 
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Materials and methods 
Study area: 
The study was conducted in the Department of Radiology, Stanley Medical College 
and Hospital, Chennai, a tertiary care hospital. 
 The study was approved by our scientific committee and ethical committee 
clearance was obtained. 
Study design and period: 
 This study was done as an analytic, prospective case control study for a period of  
3 years from June 2013 to June  2015. 
Study population: 
 Patients with a clinical picture of temporal lobe epilepsy, referred to our 
department for an MRI examination and MRI examination confirms the temporal 
lobe epilepsy. The patients were referred from neurologists, neurosurgeons and 
general physicians. Irrespective of treatment status, both previously treated and 
untreated patients were included in the study.  
 
Cases: 
Inclusion criteria: 
 Adults, both males and females, with a clinical history of unilateral temporal lobe 
epilepsy and confirmed  structural abnormalities in temporal lobe on MR imaging 
and  EEG consistent with temporal lobe epilepsy. 
Exclusion criteria:  
1. Presence of intraaxial structural abnormalities in locations other than temporal 
lobe, as it might interfere with the diffusion tensor imaging values. 
2. Presence of a major psychiatric disorder, as uncinate fasciculus is shown to be 
involved in psychiatric disorders. 
Final case group consisted of 21 patients with unilateral temporal lobe 
epilepsy, 10 males and 11 females, aged between 17 to 49 years, with a mean of 
33.48 yrs.  
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 All patients underwent conventional MRI, temporal lobe protocol and 
diffusion tensor imaging. All of them were seizure free for more than a week at the 
time of imaging. The duration of seizures ranged from one month to 15 years. 
 
Controls:  
Our control group consisted of age matched adults with no neurologic deficit and 
normal by MR imaging.  
 Our control group consisted of 10 adults, of whom 4 were males and 6 were 
females, aged between 20 to 47 years, with a mean of 32.9 years.  
There was no statistically significant difference between the ages of the two groups. 
The control group underwent conventional MRI and diffusion tensor imaging. 
 
Consent: Written informed consent was obtained from cases and controls. 
 
Imaging protocol: 
The examinations were performed in 1.5T SIEMENS, MEGNETOM  MRI 
system,  using the head coil. Our conventional imaging protocol consists of T1W 
sequence in the sagittal plane, T2W in the axial plane and FLAIR in the coronal 
plane.  
 
Parameters for conventional imaging 
 T1W sagittal T2W axial FLAIR coronal 
TR 429 ms 3000 ms 11000 ms 
TE 12 ms 80 ms 100 ms 
TI   2800 ms 
Matrix  320 x 256 mm 420 x270 mm 244 x 152 
Slice thickness 4 mm 4 mm 5mm 
Slice gap 1 mm 1 mm 1 mm 
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Temporal lobe protocol for epilepsy consists of 3 mm oblique coronal 
sections orthogonal to hippocampus in T2W, T1 inversion recovery and FLAIR 
sequences. 
Parameters for temporal lobe protocol 
 T2W T1W IR T2WFLAIR 
 
TR 3746 ms 1400 ms 11000 ms 
TI  400 ms 2800 ms 
TE 85 ms 15 ms 120 ms 
Matrix  400 x 213 mm 316 x 199 336 x 210 
Slice thickness 3 mm  3 mm 3 mm 
Slice gap Nil Nil  Nil  
 
 
DTI images were acquired in the axial plane using spin echo – echo planar imaging 
sequence using the following parameters. 
 
TR 3500ms 
TE 83 ms 
FOV 224 mm 
Matrix size 90 x 128 mm 
Slice thickness 2.5 mm 
B value 800 
 
Diffusion sensitive gradients are applied in 21 directions. 
Duration of DTI sequence is 5 minutes 19 seconds. 
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T1W 3D TFE imaging was done with the following parameters for superimposing 
over the colour coded FA maps.        
TR 8.4 ms 
TE 4.1 ms 
Matrix  256 x 256 mm 
TFE factor 131 
No of slices 145 
 
Duration of this sequence is 2 minutes 51 seconds. 
 
Imaging is performed after a minimum of  7 days after the ictus as ADC values are 
known to alter in the peri ictal period. 
Imaging analysis: 
All DTI images were transferred to a workstation where image 
reconstruction and post processing analysis was performed. ROIs of similar size 
were placed in colour coded FA map superimposed over isotropic T1W images 
over bilateral hippocampi, body of fornix, para hippocampal white matter, anterior 
limb, genu and posterior limb of internal capsule, external capsule, genu, body and 
splenium of corpus callosum, thalamus, lentiform nucleus and head of caudate 
nucleus, frontal and occipital regions of superior longitudinal fasciculus, temporal 
and occipital regions of inferior longitudinal fasciculus, uncinate fasciculus, middle 
cerebellar peduncle and cingulum. FA and ADC values from each of these ROI was 
recorded. 
 The ROIs were placed on the axial images at the level of foramen of Munroe 
for anterior limb, genu and posterior limb of internal capsule, external 
capsule,thalamus, lentiform nucleus and head of caudate nucleus. For corpus 
callosum, frontal and occipital regions of superior longitudinal fasciculus, ROIs 
were placed on the axial images when the region was maximally seen. For 
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hippocampus, para hippocampal white matter, fornix and uncinate fasciculus 
coronal images were used. Parasagittal images were used to locate the inferior 
longitudinal fasciculus. 
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REVIEW OF LITERATURE 
ANATOMY OF WHITE MATTER TRACTS: 
Association fibres connect cortical areas within a hemisphere. Projection 
fibres connect cortical areas with deep grey matter, brainstem, cerebellum and the 
spinal cord. They include afferent and the efferent tracts. Commissural fibres 
connect corresponding cortical regions of both the hemispheres. 
ASSOCIATION FIBRES: 
Cingulum: 
 It arches over the corpus callosum. It starts beneath the rostrum of corpus callosum 
in the parolfactory area, courses in the cingulate gyrus, extends posteroinferiorly 
into the parahippocampal gyrus and the uncus connecting the frontal, parietal and 
the temporal lobes. 
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Fig 1. axial Diffusion Tensor Imaging( DTI) map showing cingulum. 
Colour coded axial FA map showing cingulum (white arrowhead) 
Superior longitudinal fasciculus (arcuate fasciculus):  It is the largest bundle 
that curves along the superior margin of insula connecting the frontal lobe to 
parietal, temporal and the occipital lobes. A part of it is parallel to the superior 
occipitofrontal fasciculus and is separated from it by the corona radiata and the 
internal capsule. 
Uncinate fasciculus:15 It curves around the sylvian fissure connecting inferior 
frontal lobe with the anterior temporal lobe. 
 
Fig 2. A & B Diagrammatic representation and colour coded coronal FA map 
showing uncinate fasciculus(white arrow), superior longitudinal fasciculus (yellow 
arrowhead), superior occipitofrontal fasciculus (white arrowhead) 
 
Inferior longitudinal fasciculus (Occipito temporal fasciculus): It connects the 
occipital and the temporal lobes. 
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Fig 3. Diagrammatic representation and  corresponding colour coded parasagittal 
FA map showing inferior longitudinal fasciculus (white arrow) 
PROJECTION FIBRES: 
Internal capsule: It is a large compact fibre bundle containing anterior limb, genu 
and posterior limb. The fibres of anterior limb contains fibres to and from the 
thalamus and the frontopontine fibres. They are anteroposteriorly oriented. 
Posterior limb contains corticospinal, corticobulbar and the corticopontine fibres 
that are superoinferiorly oriented. On colour coded FA maps, anterior limb is 
represented green and the posterior limb blue. 
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Fig 4.Colour coded axial FA map showing anterior limb (thin white arrow), 
posterior limb of internal capsule ( thick white arrow), external capsule (white 
arrowhead) 
COMMISSURAL FIBRES: 
Corpus callosum: It is the largest white matter tract and contains a genu,body and 
splenium. 
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Fig 5. Colour coded axial FA map showing body of corpus callosum  
 
Anatomy of the limbic system:27 
 Limbic lobe is phylogenetically older cortex and contains few layers than 
the neocortex. It plays a major role in memory, olfaction and emotion. It is 
composed of the hippocampus, the parahippocampal gyrus, dentate gyrus, 
subiculum, cingulate gyrus and the subcallosal area. Limbic system consists of the 
limbic lobe and some subcortical structures like the amygdala, mammillary bodies 
and the septal nuclei. 
 The limbic lobe consists of three arches surrounding the diencephalon and 
the basal ganglia. 
 The outer arch extends from the temporal to frontal lobes and consists of the 
uncus, parahippocampal gyrus, cingulate gyrus and the subcallosal area. The 
middle arch consists of the hippocampus proper (ammons horn), dentate gyrus, 
indusium greiseum and the paraterminal gyrus. The inner arch is the smallest and 
consists of fornix and fimbria, and extends from the temporal lobes to mamillary 
bodies. 
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Fig 6. Diagrammatic representation of the limbic system 
Imaging anatomy27: 
 Hippocampus lies on the medial aspect of temporal lobe and bulges into 
floor of the temporal horn. It consists of two interlocking U shaped grey matter 
structures, the hippocampus proper or the Ammons horn and the dentate gyrus. It 
has a head which consists of 3-4 digitations on the superior surface, a cylindrical 
body oriented parasagitally, and a tail. The Ammons horn continues laterally into 
the subiculum. Subiculum is the transition into the parahippocampal gyrus or the 
entorhinal cortex, which is part of the neocortex. A thin layer of white matter 
covers the hippocampus called alveus, which consists of the efferent fibres 
continuing as the fimbria and fornix. 
 Amygdala is a large grey matter nucleus which is situated anterior and 
superior to the hippocampus, lateral to uncus. Uncinate gyrus connects amygdala to 
the hippocampus.  
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 The fimbria thickens posteriorly and splits off from the hippocampus to 
form the crus. The crus of the fornix attaches to the anterior surface of the splenium 
of corpus callosum. The crura of both sides unite to form the hippocampal 
commisure, and continues anteriorlyas the body. 
 
Fig 7.Coronal diagrammatic representation of the hippocampus 
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 Fig 8.Coronal T1 IR image at the level of hippocampal head 
Connections of the hippocampus:26 
The hippocampus is directly connected to the parahippocampal gyrus through the 
subiculum, and to the amygdala through the uncinate gyrus. Two major 
hippocampal pathways are the fornix and the parahippocampal gyrus.  
Fig 9. Output pathways of the hippocampus 
 
 
 
 
 
 
T he crus of fornix contacts the contralateral fornix and forms the hippocampal 
commissure, through which bilateral hippocampi connect with each other. They 
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then continue as body of the fornix to the anterior commissure where it splits into 
three parts. 
1. Precommissural fornix, just before the commissure which goes to the septal 
nuclei, preoptic nuclei, orbital cortex, anterior cingulate cortex and the 
ventralstriatum. 
2. Anterior commissure, the second pathway connecting bilateral hippocampi.  
3. Post commissural fornix going to mammillary bodies and the anterior 
nucleus of the thalamus. Anterior thalamic nuclei connect to the cingulate 
cortex. 
The cingulate cortex in turn projects to the entorhinal cortex or the 
parahippocampal gyrus, completing the Papez circuit. The Papez circuit is involved 
in learning, memory, emotion and social behaviour. 
 Parahippocampal gyrus is a major source of input to the hippocampus. The 
cingulate gyrus, neocortex, amygdala, orbital cortex and the olfactory bulb have 
inputs through the parahippocampal gyrus to the hippocampus.  
 
 
 
 
 
 
26 
 Fig 10.Input pathways of the hippocampus 
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PHYSICS:1,8,22 
 Diffusion is a process of random motion of molecules called as 
Brownian motion1. It is thermally driven, the rate of diffusion given by the 
equation,  
 <r2> = 6Dt  
<r2> denotes the mean squared displacement of the molecules, t the diffusion time 
and D the diffusion constant. The diffusion constant is the average displacement of 
the molecule in the observed time. Higher values indicate more mobility. 
 In the clinical setting, ADC is measured which reflects in vivo 
diffusion that cannot be separated from active transport, changes in membrane 
permeability and movement along the pressure gradient. 
Stejskal – Tanner Diffusion Encoding: 
 A pair of diffusion sensitising, equal and opposite motion probing 
gradients, are applied to a T2-weighted spin-echo sequence, before and after the 
180 degree refocusing pulse. If there is molecular motion, there is change in phase 
position during the application of diffusion sensitising gradients, resulting in 
incomplete rephasing and signal loss. The diffusion contrast is given by the 
equation,  
 Si = S0 . e-b.ADCi 
Si is the signal intensity along the direction i 
S0 is the signal intensity without the diffusion gradient 
28 
 
ADCi is the ADC in the direction i 
b is given by the formula,  
 b = 2G22(∆ - /3) 
where  is the gyromagnetic ratio 
 G is the amplitude of diffusion measured in millitesla per meter 
is the duration of diffusion gradient in milliseconds 
∆ is the interval between the onset of diffusion gradient before and after the 
rephasing pulse.  
Units of b is seconds per square millimeter, ADC is millimeter square per second.  
Raising b values increases the diffusion weighting. 
ADC is the apparent diffusion coefficient given by the formula, 
                         ADCi = -ln ( Si/S0 )/b 
  
ln is the natural logarithm 
Si is the signal intensity in a given voxel in direction i with a given b value 
S0 is the signal intensity in a given voxel without diffusion sensitising gradients. 
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Isotropy and anisotropy: 
 The tendency of molecules to move equally in all directions is called 
isotropy. In brain, isotropic diffusion is seen in CSF spaces. In clinical range of b 
values, grey matter is considered to show isotropic diffusion. Here,the direction of 
diffusion sensitising gradient is considered unimportant because ADCi is same for 
all directions i. 
   In white matter, diffusion is strongly anisotropic, occurring 
maximally in the same direction as white matter tracts. Larger ADC values are seen 
in the direction parallel to the tracts compared to the orthogonal direction. It is a 
property of the integrity of myelin sheath and axonal membrane1. So, more than 
one direction is required to characterise anisotropic diffusion. To overcome this 
problem, rotationally invariant measures like trace ADC and geometric mean DWI 
are used. It is derived from the DWIs in minimum of three directions S1, S2 and S3 
 SDWI = S0 . e- b.ADC 
Where ADC = (ADC1 + ADC2+ ADC3 )/3. 
ADC is the average of three ADCs along three orthogonal directions and is 
rotationally invariant. It is also known as the mean diffusivity, trace ADC or ADC.  
  
ADC mapping in healthy brain and pathology: 
 In clinical range of b values, in healthy adult brain, there is little 
difference between grey and white matter. Mean diffusivity of grey matter is 0.67- 
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0.83 x 10-3mm2/s and 0.64 – 0.71 x 10-3mm2/s for white matter. In neonates, ADC 
is very high at term, dropping steeply in first 2 years, gradually reaching the normal 
values in adulthood, at varying rates in different parts of the brain. ADC values 
tend to increase again after the age of 40.  
 Abnormally reduced ADC values are seen in acute cerebral 
ischemia, conditions causing cytotoxic edema such as status epilepticus and 
hypoglycemia. Infectious etiologies also cause reduced ADC measurements like 
abscess, subdural, intradural or intraventricular empyema. Epidermoid tumors also 
have restricted water motion and bright signal on diffusion weighted images. 
Finally, highly cellular tumors, acute demyelination, metabolic disorders, toxic 
exposures also have reduced diffusion.  
The diffusion tensor: 
 White matter tracts are highly anisotropic and this property can be 
exploited for characterisation and anatomic mapping of these tracts. White matter is 
subjected to motion probing, diffusion sensitising gradients in atleast 6 non 
collinear directions, and with one b 0 image, a tensor is obtained. The tensor, 3 x 3 
matrix of vectors is a mathematical model of 3 D diffusion anisotropy.  
 The diffusion ellipsoid that describes the ADC of water molecules at 
a particular time, is defined by 6 variables in different directions. It is a sphere for 
isotropic diffusion, and ellipsoid for anisotropic diffusion. The elements of a tensor 
above the diagonal are same as that below the diagonal, termed as conjugate 
symmetry.  
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Diffusion tensor parameters:  
 By subjecting the tensor matrix to diagonalization, a set of three Eigen 
values representing major, medium and minor principle axes are obtained with 
their corresponding Eigen vectors. They describe the directions and lengths of the 
three diffusion ellipsoids axes. The largest vector is the primary Eigen vector, with 
its Eigen value 1, denotes the magnitude and direction of the greatest water 
diffusion. It is also termed longitudinal diffusivity and used in fibre tractography 
indicating the orientation of axons. The second and third vectors, λ2 and λ3 are 
orthogonal to the primary vectors and their mean represents radial diffusivity. 
 Trace D is the sum of the three eigen values, D = λ1 + λ2 + λ3. The 
mean diffusivity is the mean of the three eigen values and is given by the formula,  
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Fractional anisotropy (FA): 
 FA is derived from the standard deviation of the three Eigen values and is 
given by the formula, 
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Fractional anisotropy FA ranges from 0 to 11. 
 Decreased anisotropy is a common feature of white matter tract 
disease. Diffusion tensor imaging exploits this property of reduced anisotropy to 
recognise diseased neurons before they show up on conventional imaging. 
Diffusion tensor imaging in seizures: 
Chen Q et al13 in 2008 subjected 15 patients with refractory partial epilepsy 
and normal conventional MRI to diffusion tensor imaging in a 3T scanner. 
Significantly increased mean diffusivity (ADC) was observed in 13 patients of 
whom seven concurred with the electro clinical seizure localisation. Reduced FA 
was observed in five, of whom concurrence with electro clinical seizure localisation 
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was seen in two.  They concluded that mean diffusivity is more sensitive than FA. 
They also observed diffusion abnormalities in the contralateral hemisphere. 
During the ictal phase of seizures, there is an increase in oxygen 
consumption in the seizure focus, which is more than the increased blood flow. It 
results in relative ischemia and cytotoxic edema which is shown to result in 
increased ADC. As time progresses, epilepsy results in neuroglia, increased 
extracellular space and increased interictal ADC9. Anisotropic diffusion is also 
reduced in the white matter tracts through which the epileptiform discharges travel, 
reducing the FA9.  
Diffusion tensor imaging of Hippocampal formation in temporal lobe epilepsy: 
 The hippocampus is an important structure in temporal lobe 
epilepsy, and hippocampal sclerosis is the etiology in nonlesional temporal lobe 
epilepsy.2In addition to visual inspection of high resolution MR images taken 
orthogonal to hippocampal formation, quantification of hippocampal volume and 
T2 signal can increase the sensitivity of detection of hippocampal sclerosis19. Assaf 
et al 2 in 2003 analysed the mean diffusivity and fractional anisotropy of 12 patients 
with unilateral temporal lobe epilepsy and compared them with 14 healthy controls. 
They found significant increase in mean diffusivity and decreased fractional 
anisotropy in the Hippocampal formation of ipsilateral side compared to 
contralateral side in patients. Comparing with the controls, the mean diffusivity 
remained statistically higher but the fractional anisotropy did not reach significant 
differences, though they were lower. 
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 Thivard L et al in 200517 with 35 patients of TLE with hippocampal 
sclerosis found increased diffusivity in the epileptogenic hippocampus and 
temporal lobe structures. The anisotropy was reduced in the ipsilateral temporal 
lobe. Contralateral Hippocampal formation, amygdala and rest of temporal lobe 
showed reduced diffusion. They found no correlation between the age at onset, 
duration of epilepsy and the frequency of seizures. 
 
Diffusion tensor imaging in malformations of cortical development: 
 Malformations of cortical development is a common cause for 
epilepsy. Eriksson et al 21 in 2001, studied the diffusion tensor parameters of whole 
brain in patients with malformations of cortical development. They compared the 
diffusion tensor imaging parameters of 22 patients with seizures and malformations 
of cortical development using statistical parametric mapping with the parameters of 
30 controls. Their patients had simple partial seizures, complex partial seizures, 
tonic seizures, generalised tonic clonic seizures and myoclonic jerks. They could 
identify reduced fractional anisotropy in 17 patients and increased mean diffusivity 
in 10 patients. Two patients had increased fractional anisotropy. Fractional 
anisotropy changes were identified beyond the conventional MRI abnormality in 
six patients and mean diffusivity changes were identified in nine patients. 
Ictal and periictal changes in diffusion: 
 Seizures cause an early post ictal depression due to cytotoxic edema, 
followed by transient or chronic elevation of mean diffusivity.Vasogenic edema is 
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also noted in white matter. Duncan et al23 reviewed various researches over a 
period of 2001 to 2008 and concluded that in status epilepticus, cytotoxic and 
vasogenic edema occur that reduce cortical diffusivity. Widespread diffusion 
changes were also noted in the white matter in the periictal period reflecting 
widespread seizure activity. In complex partial seizure, edema and hyperintensity in 
hippocampal formation on T2W images was correlated with reduced diffusivity.  
Correlation of Diffusion tensor imaging with histopathology of fimbria- fornix 
in temporal lobe epilepsy patients: 
 Fimbria - fornixis a major afferent- efferent pathway of the 
hippocampus. Concha L et al 24 in 2010 studied the histopathology of fimbria - 
fornix in 11 medically intractable temporal lobe epilepsy patients with and without 
mesial temporal sclerosis. They found strong positive correlation between the 
fractional anisotropy of fimbria – fornix with cumulative axonal membrane 
circumference and axonal density. The myelin thickness was negatively correlated. 
The changes were bilateral suggesting etiology other than degeneration alone. Their 
study provides a strong validation for DTI as a measure of white matter pathology. 
Extratemporal white matter in temporal lobe epilepsy: 
 Whatever the focus of seizure activity, there is widespread 
propagation of neuronal firing through white matter. This has been shown to affect 
the integrity of white matter in various studies.9, 10, 11, 12, 14.  Recurrent seizures 
induce proconvulsant morphological changes that increase the susceptibility to 
network synchronisation12. 
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 In mesial temporal sclerosis, focal cell loss has been identified not only in 
hippocampal formation but also in parahippocampus, amygdala and entorhinal 
cortex.  
 Meng et al in 201012 studied 8 children with temporal lobe epilepsy 
identified by clinical criteria and EEG. MRI findings were either normal (3 
patients) or had hippocampal sclerosis, cortical dysplasia, tubers and increased 
subcortical white matter intensity. They compared the fractional anisotropy, mean 
diffusivity, parallel and perpendicular Eigen values of corpus callosum, internal and 
external capsule of patients with the values of age and sex matched controls. The 
values of right and left sides had no significant differences in controls. 
 On ipsilateral side,they found significantly lower fractional anisotropy in 
anterior limb, posterior limb of internal capsule and splenium of corpus callosum. 
Increased mean diffusivity was noted in external capsule, anterior and posterior 
limb of internal capsule.A significant increase of perpendicular Eigen value was 
seen in external capsule, and both limbs of internal capsule. Parallel Eigen value 
was increased in splenium of corpus callosum. Genu of corpus callosum did not 
show any significant changes.  
 On contralateral side, there was significant alterations of diffusion tensor 
imaging parameters similar to the ipsilateral side. There was significant positive 
correlation of mean diffusivity and perpendicular Eigen value of external 
capsule,and perpendicular Eigen value of posterior limb of internal capsule with the 
age of onset of epilepsy. A significant positive correlation between parallel Eigen 
37 
 
value of external capsule, posterior limb of internal capsule was noted with the 
duration of epilepsy. 
 Yin X Y et al in 20149 studied the extra temporal abnormalities in 20 adults 
with unilateral temporal lobe epilepsy with 20 controls. The ROIs were anterior and 
posterior limbs of internal capsule, the external capsule, head of caudate nucleus, 
lentiform nucleus, thalamus, genu, body and splenium of corpus callosum. They 
measured four parameters – fractional anisotropy, mean diffusivity or ADC, 
parallel and perpendicular eigen values. No bilateral differences was noted in the 
data of either patients or controls except the thalamus which showed significant 
fractional anisotropy difference between the ipsilateral and contralateral sides in the 
patients. They found lower fractional anisotropy in all ROIs; higher ADC in 
bilateral external capsules, thalami,head of caudate nucleus and body of corpus 
callosum. They found a negative correlation between ADC of the genu of corpus 
callosum with the age at onset of epilepsy and a positive correlation with the 
duration of epilepsy. 
Thalamus in temporal lobe epilepsy: 
 Thalamus has anatomic connection with medial temporal area and plays a 
role in seizure modulation10,18. Kim C H et al in 201010 studied 9 patients with 
hippocampal sclerosis and 9 patients with cortical dysplasia in temporal lobe 
neocortex. Patients were seizure free for a week before the study. All of them 
underwent surgery with good seizure outcome and the pathologic diagnosis was 
proved in all cases. 
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  ROI was placed in centre of bilateral thalami.The mean diffusivity was 
increased in bilateral thalami in all patients compared to controls while the FA did 
not differ. Ipsilateral MD was higher in mesial temporal sclerosis cases compared 
to patients without hippocampal sclerosis. Age at onset, seizure duration, 
frequency, and total seizure number had no correlation with FA and MD. 
 A study by Wang et al in 201218 with 19 patients of TLE ( 8 had simple 
partial seizure) and 21 controls of FA and MD  in bilateral thalami, normal 
appearing white matter in the frontal and occipital lobe, the corpus callosum, the 
internal capsule, the external capsule, normal appearing grey matter in the putamen, 
caudate nucleus demonstrated reduced FA in bilateral thalami and  normal 
appearing white matter of posterior limb of internal capsule in patients with TLE. 
The thalamic involvement showed a tendency to correlate with the age at seizure 
onset and the duration of epilepsy. 
 Thivard L et al in 200517 with 35 patients of TLE observed the widespread 
diffusion tensor imaging abnormalities. Using statistic parametric mapping, they 
explored the whole brain parameters. Major diffusion changes in the form of 
reduced fractional anisotropy were identified in ipsilateral arcuate fasciculus, 
corpus callosum and the cingulum. No diffusion abnormalities were found in 
bilateral fornix and the thalamus. Ipsilateral lower mean diffusivity in sclerosed 
hippocampus correlated with the presence of epigastric aura.  
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Corpus callosum in temporal lobe epilepsy: 
 Corpus callosum is the largest commisural fibre and plays an 
important role in the transmission of epileptogenic activity to the contralateral 
hippocampus and lobe11. Tractography revealed the fibres through splenium 
connecting the temporal lobes.  
   Kim et al in 200811 studied 10 patients of temporal lobe epilepsy of 
whom two had mesial temporal sclerosis and eight had neocortical epilepsy. They 
compared the fractional anisotropy, apparent diffusion coefficient, parallel 
1 and perpendicular ( λ2 and λ3 ) eigen values with those of 10 controls.  They 
demonstrated significantly reduced fractional anisotropy in the splenium of corpus 
callosum. The λ1 was decreased and λ2 and λ3 were increased in the splenium. 
They concluded the possible role of spreading seizure activity through splenium in 
secondary degeneration of white matter. 
Cognition in temporal lobe epilepsy: 
 In the study by Wang et al18, patients with temporal lobe epilepsy had poorer 
performance in category fluency and other executive functions. The FA of white 
matter of left frontal lobe and right occipital lobe correlated positively with 
category fluency scores. The mean diffusivity of deep grey matter structures are 
negatively correlated with category fluency. 
Riley et al in 201016 studied the integrity of white matter tracts and its 
impact on the cognitive function in 12 TLE patients. They found white matter 
abnormalities in fornix, uncinate and arcuate fasciculus, inferior longitudinal 
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fasciculus, motor projection fibres and the cerebellum. These 
abnormalitiescorrelated with the cognitive performance. Alteration in the splenium 
of corpus callosum correlated with the age of onset. 
 Uncinate fasciculus connects temporal lobe with inferior frontal gyrus. 
Abnormalities in the uncinate fasciculus have been shown to be associated with 
social anxiety and depression15. Preferential pathway for seizure spread is the 
fornix, stria terminalis, amygdala fugal fibres and the uncinate fasciculus14. A study 
in 2008 by Diehl et el14 with 28 patients of TLE showed increased ADC and 
reduced fractional anisotropy in these regions affected immediate and delayed 
auditory and visual memory. 
Reference Age and 
number 
Seizure type DTI abnormalities 
Assaf et al 2, 
2003 
12 adults Unilateral TLE Increased ADC in ipsilateral 
hippocampus.  
Thivard et al17, 
2005 
35 adults Unilateral TLE Increased ADC in ipsilateral 
hippocampus, temporal lobe, 
reduced ADC in contralateral 
temporal lobe, reduced FA in 
ipsilateral extratemporal regions. 
Kim et al11, 2008 10 adults Unilateral 
mesial, 
neocortical TLE 
 
Reduced FA in splenium of corpus 
callosum  
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Diehl et al14, 
2008 
28 adults Unilateral TLE Reduced FA and increased ADC in 
bilateral uncinate fasciculi, 
correlated with visual and auditory 
memory in left TLE 
Knake et al28, 
2009 
12 adults Left TLE Reduced FA in bilateral temporal 
lobe white matter, ipsilateral frontal 
lobe white matter, genu and body of 
corpus callosum, ipsilateral 
hippocampus, ipsilateral 
parahippocampal gyrus. 
Kim et al10, 2010 9 TLE 
patients with 
hippocampal 
sclerosis, 9 
TLE patients 
without 
hippocampal 
sclerosis 
Unilateral TLE Increased ADC in bilateral thalami 
Meng et al12, 
2010 
8 children and 
adolescents 
Unilateral TLE Reduced FA in bilateral anterior 
and posterior limbs, genu of internal 
capsule, splenium of corpus 
callosum, increased ADC in 
bilateral external capsule, anterior 
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and posterior limbs of internal 
capsule, splenium of corpus 
callosum. 
Wang et al18, 
2012 
27 adults Unilateral TLE Reduced FA in bilateral thalami, 
posterior limb of internal capsule, 
positive correlation between 
category fluency scores and FA of 
left frontal lobe and right occipital 
lobe. 
Riley et al16, 
2010 
12 adults Unilateral TLE Reduced FA in ipsilateral anterior 
temporal lobe, posterior mesial 
temporal lobe, cerebellum, 
contralateral fronto parietal lobe. 
Yin et al9, 2014 20 adults Unilateral TLE Reduced FA in internal capsule, 
external capsule, head of caudate 
nucleus, lentiform nucleus, 
thalamus, genu, body and splenium 
of corpus callosum. 
Increased ADC in bilateral external 
capsule, head of caudate nucleus, 
thalamus, body of corpus callosum.  
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STATISTICAL ANALYSIS 
 All the continuous variables were tested for the normality using Shapiro 
Wilk’s test.Variables were normally distributed and expressed as mean ± 
SD. Categorical variables were expressed either as percentage or proportion. 
 Comparison of categorical variables (age) was done by Chi -square test or 
Fisher’s exact test based on the number of observations. 
 Comparison of normally distributed continuous variables between cases and 
controls was done by independent sample T test.  
 Comparison of right and left sided variables within controls was done by 
paired T test. 
 All the P values less than 0.05 were considered statistically significant. 
 Data entry was done in MS excel worksheet.  
 Data analysis was done by SPSS software version 16.0. 
 
There  are total 21 cases (10 males and 11 females ) and 10 controls (3 male and 7 
females) 
 
Gender wise distribution of the study subject 
  
Corpus callosum (CC) 
Total Cases Controls 
SEX F 11 7 18 
M 10 3 13 
Total 21 10 31 
F= Female , M=Male 
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Descriptive statics 
 
The diffusion tensor metrics derived from all region of interest and statistical 
results of between different variables are listed in following tables- 
 
Table 1. FA OF HIPPOCAMPUS AND FORNIX 
 
Site Cases(21) Cases(10) Controls(21) Controls(10) P value 
 Mean SD Mean SD 
 
FA of 
ipsilateral 
hippocampus  
.22 .06 .18 .05 .005* 
FA of 
contralateral 
hippocampus  
.26 .05 .18 .05 .001* 
FA of 
ipsilateral 
fornix 
.37 .21 .32 .16 .000* 
FA of 
contralateral 
fornix 
.38 .19 .32 .16 .022 
*statistically significant  
Compared to controls, patients bilateral hippocampi and fimbrae and fornix   had 
significantly reduced FA values, the values are more altered in ipsilateral side. 
F
52%
M
48%
Gender wise distribution of cases
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Figure 11. Error bar comparing FA of bilateral hippocampi of cases and controls 
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Figure 12. Error bar comparing FA of bilateral  fimbrae and fornix of cases and 
controls
 
 
 
 
Table 2. ADC OF HIPPOCAMPUS AND FIMBRAE AND FORNIX 
 
Site Cases(21) Cases(10) Controls(21) Controls(10) P value 
 Mean SD Mean SD  
ADC of ipsilateral 
hippocampus  
0.92 .086 .77 .025 .000* 
ADC of 
contralateral 
hippocampus  
.83 
 
.03 .76 .027 .000* 
ADC of ipsilateral 
fornix 
0.87 .016 0.76 .0.38 .000* 
ADC of 
contralateral 
fornix 
0.76 .014 0.76 .0.42 .104 
*statistically significant  
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Compared to controls, patients’ bilateral hippocampi ,  fimbrae and fornix  had 
significantly increased ADC values. But ADC of  contralateral fornix doesn’t 
achieve statistically significance. There is significant increase in ADC values on 
ipsilateral side compared to contralateral side. 
 
Figure 13. Error bar comparing ADC of bilateral hippocampi of cases and controls 
 
 
Figure 14. Error bar comparing ADC of bilateral fimbrae and fornix of cases and controls 
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Table 3. Fractional Anisotropy ( FA) VALUES  OF INTERNAL CAPSULE 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
anterior limb of 
internal capsule  
.46 .12 .54 .12 .002* 
FA of 
contralateral 
anterior limb of 
internal capsule 
.51 .17 .54 .12 .02* 
FA of ipsilateral 
posterior limb 
of internal 
capsule  
.57 .11 .60 .07 .01* 
FA of 
contralateral 
posterior limb 
of internal 
capsule  
.57 .09 .57 .07 .6 
*statistically significant  
 
Compared to controls, patient’s bilateral anterior limb of internal capsule had 
statistically significant reduced FA values. Fractional Anisotropy ( FA)  of 
contralateral  posterior limb of internal capsule was not reduced and doesn’t 
achieve statistical significance. 
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Figure 15. Error bar comparing FA of bilateral anterior limbs of internal capsule of 
cases and controls 
 
 
 
Figure 16. Error bar comparing FA of bilateral posterior limbs of internal capsule 
of cases and controls 
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Table 4. ADC OF INTERNAL CAPSULE 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
ADC of 
ipsilateral 
anterior limb of 
internal capsule  
.75 .22 .67 .13 .000* 
ADC of 
contralateral 
anterior limb of 
internal capsule  
.74 .16 .72 .13 .002* 
ADC of 
ipsilateral 
posterior limb of 
internal capsule  
.72 .14 .71 .10 .005* 
ADC of 
contralateral 
posterior limb of 
internal capsule  
.72 .09 .68 .10 .02* 
 
*statistically significant  
Compared to controls, patients’ ADC of  bilateral anterior and posterior  limb of 
internal capsules had statistically significant lower values. 
Figure.17. Error bar comparing ADC of bilateral anterior limbs of internal capsule 
of cases and controls 
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Figure.18. Error bar comparing ADC of bilateral posterior limbs of internal capsule 
of cases and controls 
 
 
 
 
Table 5. FA& ADC OF CORPUS CALLOSUM  
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of genu of 
corpus callosum  
.70 .14 .16 .02 .000* 
ADC of genu of 
corpus callosum  
.71 .18 .69 .15 .000* 
FA of body of 
corpus callosum  
.50 .74 .16 .04 .000* 
ADC of body of 
corpus callosum  
.83 .11 .71 .13 .000* 
FA of splenium of 
corpus callosum  
.76 .11 .23 .09 .000* 
ADC of splenium 
of corpus 
callosum  
.74 .17 .72 .16 .000* 
 
*statistically significant  
 
.62
.64
.66
.68
.70
.72
.74
Cases Controls
ADC - Post. INTERNAL CAPSULE
Contralateral Ipsilateral 
52 
 
Compared to controls, patients corpus callosum had statistically significant values 
of increased ADC and decreased Fractional Anisotropy ( FA) in body genu and the 
splenium. 
 Figure 18. Error bar comparing  ADC of genu &body of corpus callosum of 
cases and controls 
 
 
 Figure 19. Error bar comparing FA  of genu &body of corpus callosum of cases and 
controls 
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Table 6. FA OF HEAD OF CAUDATE AND LENTIFORM NUCLEUS 
 
Site Cases(31) Cases(31) Controls(30) Controls(30) P value 
 Mean SD Mean SD  
FA of ipsilateral 
lentiform nucleus 
.12 .04 .26 .08 .000* 
FA of 
contralateral 
lentiform nucleus 
.13 .09 .22 .06 .000* 
FA of ipsilateral 
head of caudate 
nucleus 
.19 .08 .24 .10 .000* 
FA of 
contralateral  head 
of caudate 
nucleus 
.19 .06 .71 .09 .000* 
 
*statistically significant  
FA of bilateral lentiform nuclei and  head of caudate nucleus shows  a significant 
changes 
Figure 19. Error bar comparing FA  of caudate nucleus of cases and controls 
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Figure 20. Error bar comparing FA  of lentiform  nucleus of cases and controls 
 
 
 
 
Table 7. ADC OF HEAD OF CAUDATE AND LENTIFORM NUCLEUS 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
ADC of 
ipsilateral 
lentiform nucleus 
.70 .07 .61 .12 .003* 
ADC of 
contralateral 
lentiform nucleus 
.70 .10 .61 .12 .003* 
ADC of 
ipsilateral head of 
caudate nucleus 
.66 .21 .61 .13 .004* 
ADC of 
contralateral head 
of caudate 
nucleus 
.64 .17 .67 .11 .158 
 
*statistically significant  
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ADC of bilateral lentiform nuclei and head of ipsilateral caudate nucleus was 
higher with statistical significance. ADC of contralateral head of caudate nucleus 
was higher  but ipsilateral shows statistically significance. 
 
Figure 22. Error bar comparing ADC of bilateral lentiform nuclei of cases and 
controls
 
 
Figure 22. Error bar comparing ADC of bilateral caudate nuclei of cases and 
controls
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Table 8. FA & ADC OF THALAMUS 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
thalamus 
.22 .09 .44 .07 .000* 
FA of 
contralateral 
thalamus 
.24 .09 .82 .07 .000* 
ADC of 
ipsilateral 
thalamus 
.74 .16 1.02 .06 .000* 
ADC of 
contralateral 
thalamus 
.70 .08 .69 .06 .009* 
 
Our study did  show  significant alteration in the DTI values between cases and 
controls in thalamus with changes are more pronounced on ipsilateral side. 
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Figure 23. Error bar comparing ADC of bilateral thalamus of cases and controls 
 
 
 
Figure 24. Error bar comparing FA of bilateral thalamus of cases and controls. 
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Table 9. FA & ADC OF INFERIOR FRONTO-OCCIPITAL  FASCICULUS (IFO) 
 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
infeior fronto-
occipital   
.51 .15 .67 .07 .001* 
FA of 
contralateral 
infeior fronto-
occipital   
.54 .07 .62 .07 .000* 
ADC of 
ipsilateral 
infeior fronto-
occipital   
.83 .17 .62 .07 .041* 
ADC of 
contralateral 
infeior fronto-
occipital   
.81 .11 .64 .07 .039* 
 
*statistically significant  
 
Both FA and ADC values of bilateral frontal limbs of superior longitudinal 
fasciculi showed statistically significant values. 
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Figure 25. Error bar comparing ADC  of bilateral inferior fronto-occipital  of cases 
and controls 
 
 
Figure 26. Error bar comparing  FA of bilateral inferior fronto-occipital  of cases and 
controls 
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Table 10. FA & ADC INFERIOR TEMPORO-OCCIPITAL  FASCICULUS 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
inferior temporo-
occipital  
fasciculus . 
 
.45 .13 .50 .11 .000* 
FA of 
contralateral 
inferior temporo-
occipital  
fasciculus . 
 
.49 .09 .53 .11 .002* 
ADC of 
ipsilateral 
inferior temporo-
occipital  
fasciculus . 
   
.85 .09 .70 .12 .000* 
ADC of 
contralateral 
inferior temporo-
occipital  
fasciculus . 
fasciculus 
.80 .12 .70 .12 .000* 
 
*statistically significant  
 
Compared to controls, patients’ statical significant changes in Diffusion Tensor 
Imaging( DTI)  matrices in inferior temporo-occipital  fasciculus . 
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Figure 27. Error bar comparing ADC of bilateral inferior temporo-occipital  
fasciculus of cases and controls 
 
 
 
Figure 28. Error bar comparing FA of bilateral inferior temporo-occipital  
fasciculus of cases and controls 
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Table 11. FA & ADC OF UNCINATE FASCICULUS 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
uncinate 
fasciculus 
.32 .19 .49 .13 .003* 
FA of 
contralateral 
uncinate 
fasciculus 
.36 .14 .48 .13 .005* 
ADC of ipsilateral 
uncinate 
fasciculus 
.89 .39 .69 .79 .000* 
ADC of 
contralateral 
uncinate 
fasciculus 
.83 .15 .69 .79 .002* 
 
*statistically significant  
FA & ADC of ipsilateral uncinate fasciculus had statistically significant reduced 
and increased values respectively, in cases compared to controls. 
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Figure 29. Error bar comparing  ADC of bilateral uncinate fasciculus  of cases and 
controls 
 
 
 
 
Figure 30. Error bar comparing  FA of bilateral uncinate fasciculus  of cases and 
controls 
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Table 12. FA & ADC OF MIDDLE CEREBELLAR PEDUNCLE 
 
Site Cases(31) Cases(31) Controls(30) Controls(30) P value 
 Mean SD Mean SD  
FA of ipsilateral 
middle cerebellar 
peduncle 
.71 .11 .69 .09 .078 
FA of 
contralateral 
middle cerebellar 
peduncle 
.73 .11 .72 .09 .065 
ADC of ipsilateral 
middle cerebellar 
peduncle 
.71 .15 .68 .09 .02 
ADC of 
contralateral 
middle cerebellar 
peduncle 
.70 .14 .69 .09 .314 
 
*statistically significant  
FA of bilateral middle cerebellar peduncles showed there is no statistically 
significant reduced values compared to controls, ADC values though higher, did 
not reach statistical significance. 
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Figure 31.Error bar comparing ADC of bilateral middle cerebellar peduncle of 
cases and controls 
 
 
 
Figure 32.Error bar comparing FA of bilateral middle cerebellar peduncle of cases 
and controls 
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Table 13. FA & ADC OF ANTERIOR CINGULUM 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
anterior 
cingulum 
.33 .09 .44 .06 .000* 
FA of 
contralateral 
anterior 
cingulum 
.39 .11 .44 .06 .003* 
ADC of 
ipsilateral 
anterior 
cingulum 
.77 .10 .73 .14 .000* 
ADC of 
contralateral 
anterior 
cingulum 
.76 .14 .73 .14 .004* 
 
*statistically significant  
ADC&FA of bilateral  anterior cingulum showed statistically significant 
reduced values compared to controls. 
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Figure 33. Error bar comparing ADC  of  bilateral anterior cingulum of cases and 
controls 
 
 
 
Figure 34. Error bar comparing FA  of  bilateral anterior cingulum of cases and 
controls 
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Table 14. FA & ADC OF POSTERIOR CINGULUM 
 
Site Cases(21) Cases(21) Controls(10) Controls(10) P value 
 Mean SD Mean SD  
FA of ipsilateral 
anterior 
cingulum 
.39 .09 .48 .06 .002* 
FA of 
contralateral 
anterior 
cingulum 
.42 .11 .47 .06 .003* 
ADC of 
ipsilateral 
anterior 
cingulum 
.80 .10 .61 .14 .001* 
ADC of 
contralateral 
anterior 
cingulum 
.68 .14 .61 .14 .004* 
 
*statistically significant  
ADC & FA of bilateral  posterior cingulum showed statistically significant reduced 
values compared to controls . 
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Figure 35. Error bar comparing ADC of  bilateral posterior cingulum of cases and 
controls 
 
 
Figure 36. Error bar comparing FA  of  bilateral posterior cingulum of cases and 
controls 
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Table 15. FA & ADC OF PARAHIPPOCAMPAL GYRUS 
Site Cases Cases Controls Controls P value 
 Mean SD Mean SD  
FA of ipsilateral 
parahippocampal 
gyrus 
.39 .12 .41 .14 .001* 
FA of contralateral 
parahippocampal 
gyrus 
.41 .18 .41 .14 .187 
ADC of ipsilateral 
parahippocampal 
gyrus 
.85 .11 .74 .13 .004* 
ADC of contralateral 
parahippocampal 
gyrus 
.81 .18 .74 .13 .003* 
 
*statistically significant  
ADC &FA values  shows significant changes except for Fractional Anisotropy ( 
FA) of contralateral  parahippocampal gyrus, although it is decreased but not 
significantly.  
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Figure 37. Error bar comparing ADC of  bilateral parahippocampus gyrus of cases 
and controls 
 
 
 
 
Figure 38. Error bar comparing FA of  bilateral parahippocampus gyrus of cases and 
controls 
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Summary of results:   
 
There is increased  in ADC and reduced Fractional Anisotropy ( FA) measurement 
noted in cases compared to controls and the Diffusion Tensor Imaging( DTI) values 
were more altered in ipsilateral structures . Most of the structures are showing 
statically significant changes except for the few like Contralateral Middle cerebral 
peduncle, Fractional Anisotropy ( FA) of contralateral parahippocampal gyrus, 
ADC of contralateral head of caudate nucleus and ADC of contralateral fornix. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figures 40 showing cases with right mesial temporal lobe sclerosis on MRI 
morphometry. 
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Figure 46 showing increased 
with left temporal lobe epilepsy.
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T2 intensity with small  left hippocampus in patient 
 
 
 
 
Fig. 41 showing region of interest in inferior  fronto
fasciculus along with Diffusion Tensor Imaging( DTI) measurements
 
 
Fig. 41 showing region of interest in bilateral parahippocampus along with 
Diffusion Tensor Imaging( DTI) measurements
75 
-occipital longitudinal 
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Fig  42. Showing color coded maps with Region of Interests (ROI) selected in 
superior fronto –occipital longitudinal fasciculus and  thalamus.  
 
    
Fig 43 showing color coded Diffusion Tensor Imaging( DTI) map with Fractional 
Anisotropy ( FA) maps with Region of Interests (ROI) in corpus (callosum genu and 
splenium) and parahippocampal white matter. 
 
 
77 
 
 
 
 
Figures 45 showing  Fractional Anisotropy ( FA) maps with Region of Interests (ROI) fimbrae and 
fornix. 
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DISCUSSION: 
Temporal lobe epilepsy is the most common form of focal epilepsy. The 
hippocampus is a major source of seizure activity and microstructural alterations 
occur before they show up on conventional imaging2. During the ictal phase of 
seizures, there is an increase in oxygen consumption in the seizure focus, which is 
more than the increased blood flow. It results in relative ischemia and cytotoxic 
edema which is shown to result in decreased ADC. As time progresses, epilepsy 
results in neuroglia, increased extracellular space and increased interictal ADC9. 
Anisotropic diffusion is also reduced in the white matter tracts through which the 
epileptiform discharges travel, reducing the FA9.  
Diffusion tensor imaging,with its armamentarium of many indices is 
sensitive to identify these abnormalities. We have used the FA and ADC values of 
the hippocampi and various other grey and white matter tracts to study the 
hippocampal and extra hippocampal alterations. 
The case group consisted of 21 patients with unilateral temporal lobe 
epilepsy, 10 males and 11 females, all the patients were diagnosed for unilateral 
mesial temporal lobe epilepsy and  had EEG localised to the ipsilateral temporal 
lobe. The disease duration varied from one month to 15 years. 
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Hippocampal diffusivity and anisotropy: 
 The hippocampal indices of 21 patients with 
hippocampal sclerosis were compared with the 10 age matched controls. Patients’ 
both ipsilateral and contralateral hippocampi had statistically significant reduced 
FA and increased ADC values. The results of our ipsilateral hippocampus is in line 
with the results of Thivard et al17 and Assaf et al2 in 2003  who also found 
increased mean diffusivity(ADC) in the ipsilateral hippocampus.  
 Assaf et al 2 with 12 patients of unilateral 
temporal lobe epilepsy found diffusivity measurements more sensitive than 
anisotropy. They observed that the selection of region of interest (ROI) in the 
anterior body of hippocampus yielded accurate and consistent measurement. ROI 
was placed in the anterior body of hippocampus in our study as per their 
recommendations. 
 Bilateral hippocampi are connected with each 
other through the hippocampal commissure and the anterior commissure through 
the fornices27. Many studies have demonstrated widespread propagation of seizure 
activity through the neuronal networks9,10,11,12,13. We have observed increased ADC 
and reduced FA in the contralateral hippocampus, the electrical activity possibly 
utilising the commissures.Previous studies with contralateral hippocampus have 
yielded varying results as observed by Thivard et al17. The results were either 
normal or reduced mean diffusivity. All our patients had visually recognisable 
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mesial temporal sclerosis, compared to Assaf et al2 where one third had normal 
conventional MR findings. This reflects higher degree of structural damage in our 
cases and explain the bilaterally significant hippocampal values.  
 Though the contralateral hippocampus shows 
statistically significant diffusion tensor imaging indices, no such changes could be 
demonstrated in the contralateral fornices in our study. We had technical 
difficulties in placing the voxel exclusively within the fornix without contamination 
from the CSF, which might be responsible for the insignificant values. But our 
results concur with those of Thivard et al17 who did not find significant values in 
bilateral fornices. 
 Concha L et al 24 in 2010 with 11 medically 
intractable TLE patients with and without hippocampal sclerosis, found positive 
correlation between diffusivity of fimbria - fornix and histology. DTI was acquired 
following an inversion pulse (TI 2200 ms at 1.5T) to suppress the cerebrospinal 
fluid signal, which likely yielded them accurate results.  
Comparison of extratemporal grey matter of patients and controls: 
 We analysed the FA and ADC values of 
bilateral thalami, head of caudate nucleus and lentiform nucleus of all our 21 
patients and compared them with 10 controls. We observed increased ADC and 
decreased FA in bilateral lentiform nuclei and the ipsilateral caudate nucleus. ADC 
of contralateral head of caudate nucleus was higher but did not achieve statistical 
significance. FA of bilateral  head of caudate nucleus was decreased with  
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statistically significance. Our ADC results are in line with Yin et al9 who got 
significantly altered values in the caudate nucleus and that of Chen Q et al13 who 
concluded that mean diffusivity is more sensitive than fractional anisotropy. 
  Statistical significance was seen in the 
thalamus. Thivard et al17 with statistic parametric mapping explored the whole 
brain diffusion tensor imaging indices and found no statistically significant changes 
in the thalami. Our thalamic results doesn’t concur  with their results. Yin et al9 had 
insignificant ADC values, which doesn’t concur with our results, the reason 
possibly  may be advance stages of our cases as all cases were having 
morphological abnormalities.. 
Comparison of extra temporal white matter of patients and controls:  
 Though the seizure onset is located within the 
temporal lobe, through the widespread interaction between cortical and subcortical 
structures, the epileptic circuitry is widened. Though structural abnormalities were 
limited to ipsilateral hippocampus and the temporal lobe, widespread diffusion 
abnormalities were seen in bilateral white matter in our study. 
 The major extra temporal diffusion abnormalities in our study consists of 
reduced FA in bilateral  anterior limb of internal capsule,  body , genu and 
splenium of corpus callosum, bilateral inferior temporo-occipital  fasciculus, 
bilateral  superior fronto –occipital longitudinal fasciculus, bilateral  uncinate 
fasciculus, ipsilateral  middle cerebellar peduncle and bilateral cingulum. 
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 Increased ADC values are seen in bilateral  anterior limb of internal 
capsule,  body , genu and splenium of corpus callosum, bilateral inferior temporo-
occipital  fasciculus, bilateral  superior fronto –occipital longitudinal fasciculus, 
bilateral  uncinate fasciculus, ipsilateral  middle cerebellar peduncle and bilateral 
cingulum. 
Our present data are in agreement with Knake et al28 who observed lower 
FA values in body/ trunk of corpus callosum, ipsilateral frontal and bilateral 
temporal lobes. They used both ROI method and whole brain analysis. The results 
of both methods were complementary to each other. Whole brain analysis picks up 
confluent changes but is insensitive to small focal changes. ROI method requires 
precise placement in the predetermined area. We used manually placed ROIs on 
preselected regions. 
 Our results of temporal lobe white matter 
concur with those of Rileyetal16 and Thivard et al 17 who also observed increased 
diffusivity and reduced anisotropy along the temporal white matter. Thivard et al 17 
were the first to describe the extra hippocampal temporal white matter diffusion 
changes. They found no modification in the FA for the 
hippocampal/parahippocampal region. In our study, there was significant change in 
the ADC and FA values of hippocampus, though the parahippocampal region did 
not demonstrate significant alterations. 
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 We have obtained significant FA and ADC 
values in bilateral frontal lobe white matter. This shows early and preferential 
spread to frontal lobes through uncinate fasciculus in nearly all cases.The study by 
Wang et al18 with 27 temporal lobe epilepsy patients showed impaired category 
fluency and other executive functions compared to controls. They concluded that 
propagation of seizures to frontal lobe, not detected by standard MRI as the reason 
behind impaired category fluency. Though executive functions were not tested in 
our patients, frontal white matter involvement implies impaired executive function. 
 We had statistically significant FA values in 
bilateral cingulum, a major hippocampal pathway. This is in line with the results of 
Thivard et al17who observed statistically significant differences in the cingulum. 
 Corpus callosum is the major commissural fibre connecting the two 
hemispheres. Our study revealed statistically significant changes in both ADC and 
FA values in the body, splenium and genu of corpus callosum. Knake et al28 
observed reduced FA in the genu and body of corpus callosum, Thivard et al17 
found reduced FA in corpus callosum, Meng et al12 got reduced FA and increased 
ADC in the splenium, Yin et al9 had lower FA in genu, body and splenium with 
higher diffusivity in body of corpus callosum. Kim et al11 with ten patients of 
temporal lobe epilepsy found reduced FA values in the splenium, so our study 
concur with above studies. 
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Internal capsule is a major projection fibre. We observed statistically 
significant reduced FA and increased ADC values in bilateral anterior limb as well 
as bilateral posterior limbs. Of the previous studies, Meng et al12 observed reduced 
FA and increased diffusivity values in anterior limb, posterior limb and the genu, 
Yin et al9 showed lower FA in the anterior and posterior limbs of internal capsule, 
Wang et al18 found lower FA in left posterior limb, Meng et al12 observed increased 
diffusivity and reduced FA in anterior and posterior limbs. 
Regions in violet represent concurrence with our study. 
Uncinate fasciculus is a major white matter tract connecting anterior 
temporal and frontal lobes. It is important in the formation and retrieval of 
memories and is a pathway for seizure spread to the frontal lobe14. In our study, 
bilateral  uncinate fasciculus had reduced FA and increased ADC values. Diehl et 
al14, in 2008 analysed the DTI parameters of 28 TLE patients and correlated them 
with auditory and visual, immediate and delayed memory. They found significant 
alterations in diffusion tensor imaging indices in bilateral uncinate fasciculi 
correlated with memory in patients with left TLE (both medial and lateral).The 
involvement of uncinate fasciculus in our cases, implies impaired memory, though 
we did not directly test for memory. 
 Patients with temporal lobe epilepsy have 
multiple cognitive impairments like memory, executive functions, language, 
intelligence and motor speed16. Riley et al in 201016 studied the integrity of white 
matter tracts using whole brain FA and its impact on the cognitive function in 12 
TLE patients. They found white matter abnormalities in fornix, uncinate and 
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arcuate fasciculus, inferior longitudinal fasciculus, motor projection fibres and the 
cerebellum. These abnormalities correlated with the cognitive performance. In our 
study, we had significant reduced FA in bilateral middle cerebellar peduncle, 
temporal and occipital regions of bilateral inferior longitudinal fasciculus, 
ipsilateral uncinate fasciculus concurring with their study. We did not test the 
cognitive profiles of our patients, it is an area of future research in our region.  
 Gross et al20, in their meta-analysis of 10 studies 
observed that though the cause and implications of white matter changes are 
unclear, they represent downstream axonal degeneration secondary to spreading 
seizure activity. They also observed that the changes are variable between studies 
in grey and white matter tract involvement and represent variations in patient 
selection, methodology, duration and propagation of seizure activity. The duration 
of seizures in our patients ranged from one month to 15 yrs. 
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LIMITATIONS OF OUR STUDY: 
1. The study was done on patients being ictus free for at least a week, as ictus 
is shown to affect ADC values. However, subclinical seizures, not identified, 
could have occurred with impact on our values. 
2. In this study, diffusion tensor imaging was done in 21 non collinear 
directions. Increasing the number of directions might increase the yield of 
the study. 
3. There was technical difficulties in placing the voxel on fornix without 
contamination from CSF as the size of single voxel was larger than the 
fornix. 
4. The results are population based, so the application as a clinical tool in the 
management of patients remains unexplored. 
5. Duration and compliance with treatment and seizure frequency may  affect 
the FA and ADC values.  These were not included as variables in this study. 
6. Number of controls could be increased . 
 
 
 
 
 
87 
 
RECOMMENDATIONS: 
1. Diffusion tensor imaging can be incorporated in routine epilepsy protocol as 
altered hippocampal values adds to the diagnosis in equivocal cases. 
Moreover, there is widespread bilateral alterations in the FA and ADC 
values, though conventional imaging shows abnormality restricted to 
ipsilateral temporal lobe.  
2. The number of directions may be increased, instead of 21, as it might yield 
better results. 
3. DTI can be done with fluid suppression to avoid CSF contamination for 
obtaining values from the fornices. 
4. Cognition tests can be done from the onset of epilepsy and correlated with 
DTI, it might help in prognostication. 
5. Longitudinal studies can be undertaken in patients with recent onset 
epilepsy,as it can better define the progression of white matter changes. 
 
 
 
 
 
 
 
 
 
88 
 
BIBLIOGRAPHY 
1. Nucifora G.P, Verma R, Lee S.K. diffusion tensor imaging and 
tractography: exploring brain microstructure and connectivity. 
Radiology:bvolume 245: number 2- November 2007. 
2. Assaf B.A,Mohamed F.B, Abou-Khaled K.J et al. Diffusion Tensor Imaging 
of Hippocampal Formation in temporal lobe epilepsy. AJNR Am J 
Neuroradiol 24:1857-1856, October 2003. 
3. Lerner A, Mogensen M.A, Kim P.E, Shiroishi M.S, HwangD.H ,Law 
M.Clinical Applicationsof diffusion tensor imaging .j. wneu.2013.07.083 
4. Yun –ting Z,chun ,yan Z,Jing Z,Wei L. Age related changes of normal adult 
brain structre: analysed with diffusion tensor maging.Chinese medical 
Journal 2005;118(13):1059-1065 
5. Trivedi R, Rathose R.K.S, Gupta R.K Review :clinical applications of 
diffusion tensor imaging.Indian J Radiol imaging /February 2008/vol 18/ 
Issue 1. 
6. http://en.wikipedia.org/wiki/epilepsy 
7. Davidson S, walker B.R,College N.R, Ralston S.H ,penman I.D. Davidsons 
principles and practice of medicine 22 edition Elsevier  2014 
8. Jellison B.J, Field A.S , MEDOW J, Lazar M, Salamat S, Alexander A,L. 
Diffusion tensor imaging of cerebral white matter :A pictorial reviwew of 
physics , fibre tract anatomy, and tumour imaging patterns,AJNR Am J 
Neuroradiol 25:356-369, March 2004  
9. Yin X .-y Qiu S .-J Liu. Z . –Y, Wang  H.-z, Xiong W .-f, Li S.-s, wang Y 
extra temporal abnormalities of brain parenchyma in young adult with 
temporal lobe epilepsy; a diffusion tensor imaging study. Clinical radiology 
69(2014) 589e 596. 
10. Kim C.H, KOO B-B, Chung C.K , LEE J-M, Kim J.S, Lee S.K  Thalamic 
changes in temporal lobe  epilepsy with and without hippocampal sclerosis: 
a diffusion tensor imaging study.epilepsy research(2010)90,21,-27 
11. Kim H, Piao Z, liu P, BingamanW, Diehl B . secondary white matter 
degeneration of the corpus callosum in patients with intractable temporal 
89 
 
lobe epilepsy ; a diffusion tensor imaging study. Epilepsy research (2008)81, 
136-142. 
12. Meng L, XiagJ, Koteche R,Rose D, Zhao H, Zhao D.: White matter 
abnormalities in children and adolescents with temporal lobe epilepsy. 
Magnetic resonance imaging 28(2010)1290-1298. 
13. Chen Q , Lui S , Li C-X, Jiang L-J, Ou-yang  L, Tang H-H, et al. MRI –
Negative refractive partial epilepsy :role for diffusion tensor imaging in high 
field MRI.Epilepsy research (2008)80,83-89 
14. Diehl B, Busch R,M , Duncin J.S , Piao Z ,Tkach J, Luders H.O 
abnormalities in diffusion tensor imaging of the uncinate fasiculus relate to 
reduced memory in temporal lobe epilepsy. Epilepsia :1-10,2008 
15. http://en.wikipedia.org/wiki/Uncinate- fasciculus  
16. Riley J.D, Franklein D.L , Choi V, kim C , Binder D.K, CRAMER S.C  ET 
AL Diffusion tensor imaging in medial temporal lobe epilepsy with 
hippocampal sclerosis.Epilepsia , 51(4): 536-545,2010 
17. Thivard L , Lehericy S , Krainik A , Adam C , Dormonr D,Chiras J et al . 
Diffusion tensor imaging in medial temporal lobe epilepsy with 
hippocampal sclerosis. J.Neuro image.2005.06.04 
18. Wang X -Q , LANG S –L, Hong L.U, Lim M,A,Yang –LING 
M.A.O,YANG F  Changes in extra temporal integrity and cognition in 
tempora lobe epilepsy: a diffusion tensor imaging study.Epilepsia,51(4);536-
545,2010 
19. Coan A.C , Kubota B, Bergo F.P.G, Campos B.M , Cendes F. 3T MRI 
quantification  of hippocampal volume and signal in mesial temporal lobe 
epilepsy improves detection of hippocampal sclerosis. AJNR am J Neuro 
radiol 35:77-83-jan 2014 . 
20. Gross D.W, diffusion tensor imaging in temporal lobe epilepsy. Epilepsia, 
52(suppl .4 ):32-34,2011 
21. ERIKSSON S.H, Rugg-gunn F.J, Symms M,R,Barker G.J,Duncan J.S. 
Diffusion tensor imaging in patients with epilepsy and malformation of 
cortical development.brain (2001),124,617-626 
90 
 
22. Mukherjee. P, Berman J.I, Chung S.W, Hess C,P, Henry R,G diffusiontensor 
imaging  and fibre tractography: theoretic underpinnings .AJNR 29/APRIL 
2008 
23. Duncin J.S , Imaging the brains highways –diffusion tensor imaging in 
epilepsy. Epilepsy current , vol.8, no.4 2008 pp.85-89 
24. Concha l, Livy D.J, Beaulieu C,Wheatley B.M, Gross D.W In vivo diffusion 
tensor imaging and histopathology of the fimbria fornix in temporal lobe 
epilepsy .THE JOURNAL OF NEURO SCEINCE , Jan 20,2010.30(3);996-
1002 
25. Kim C.H, Chung C,K, Koo B-B, Lee J-M, Kim J.S, Lee S,K . changes in 
language pathway in patients with temporal lobe epilepsy: diffusion tensor 
imaging analysis of the uncinate and arcuate fasciculi. World neuro surgery 
(3/4):509-516, March /april 2007 
26. Anthony Wright , Neuro science online  , chapter 5:Limbic system 
:hippocampaus 
27. Harns Berger H.R, Osborn A.G, Rose J.S, Moore K.R, Salzman 
K.L,Carrasco C.R,et a.l Diagnostic and surgical imaging anatomy brain 
,head and neck spine first edition 2006. 
28. Knake S, Salat D.H, Halgren E, Halko M.A, Greve D,N, Grant P.E, changes 
in white matter micro structure in patients with TLE and hippocampal 
sclerosis, epileptic disorder 2009 :11(3);244-50 
29. Bihan D.L,Mangin J-F, Poupon C,Clark C.A, Pappata, S, Molkon et al. 
Diffusion tensor imaging :concept and applications journal of magnetic 
reasonance imaging 13;534-546(2001) 
 
 
 
 
 
91 
 
ANNEXURES 
Abbreviations  
DTI  : diffusion tensor imaging. 
FA     : fractional anisotropy. 
CC     : corpus callosum 
IFO   : Inferior fronto- occipital fasciculus 
ITO   : inferior temporo- occipital fasciculus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
92 
 
PROFORMA                                                             
Sr No.                          NAME/   AGE/SEX -                                                                              DATE-     /     /  
CLINICAL HISTORY- 
CLINICAL DIAGNOSIS- 
 
 
EEG- 
 
 
MRI DIAGNOSIS- 
 
    DTI     MEASURMENTS 
STRUCTURE RIGHT 
FA                             ADC 
LEFT 
FA                        ADC 
ABNORMAL   SIDE COMMENT 
1.  Middle cerebellar peduncle 
(MCP) 
      
2. Uncinate fasciculus (U)       
3. Inferior fronto occipital 
fasciculus (FO)       
4. Inferior temporo occipital 
fasciculus (TO)        
5. Para hippocampal white 
matter (PH)       
6. Fimbria (FB) & Fornix (FX).       
7. Arcuate fasciculus       
8. Caudate Nucleus       
9. Lentiform nucleus       
10. Posterior internal capsule       
11. Corpus callosum (splenium)       
12. Corpus callosum (body)       
13. Corpus callosum (genu)       
14. thalamus       
REMARKS- 
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Role of Diffusion Tensor Imaging( DTI)  Epilepsy 
AT GOVERNMENT STANLEYMEDICAL COLLEGE HOSPITAL, CHENNAI. 
INFORMED CONSENT 
Place of study:  Govt. Stanley medical college, Chennai 
 
 
I ……………………………………………. have been informed about the details of the study in my own 
language. 
I have completely understood the details of the study. 
I am aware of the possible risks and benefits, while taking part in the study. 
I agree to collect samples of blood/saliva/urine/tissue if study needs. 
I understand that I can withdraw from the study at any point of time and even then, I can receive 
the medical treatment as usual. 
I understand that I will not get any money for taking part in the study. 
I will not object if the results of this study are getting published in any medical journal, provided 
my personal identity is not revealed. 
I know what I am supposed to do by taking part in this study and I assure that I would extend my 
full cooperation for this study.   
  
 
 Volunteer:       Witness: 
Name and address        Name and address  
Signature/thumb impression:     Signature/thumb impression 
Date:        Date: 
  
Investigator Signature and date 
94 
 
uni0B9A_uni0BC1ய ஒuni0BAA_uni0BCDuni0BAA_uni0BC1தuni0BB2_uni0BCD பuni0B9F_uni0BBFவuni0BAE_uni0BCD 
 
ஆuni0BAF_uni0BCDuni0BB5_uni0BC1 ெசuni0BAF_uni0BCDயuni0BAA_uni0BCDபuni0B9F_uni0BC1uni0BAE_uni0BCD தைலuni0BAA_uni0BCDuni0BAA_uni0BC1 : 
D.T.I uni0BAE_uni0BC2லuni0BAE_uni0BCD uni0BAE_uni0BC2ைளயிuni0BB2_uni0BCD ஏuni0BB1_uni0BCDபuni0B9F_uni0BC1uni0BAE_uni0BCD வலிuni0BAA_uni0BCDuni0BAA_uni0BC1 ேநாைய ஆuni0BAF_uni0BCDuni0BB5_uni0BC1 ெசuni0BAF_uni0BCDதuni0BB2_uni0BCD 
ஆராuni0BAF_uni0BCDuni0B9A_uni0BCDசி நிைலயuni0BAE_uni0BCD :கதி& வ 'uni0B9A_uni0BCDuni0B9A_uni0BC1 இயuni0BB2_uni0BCDuni0BA4_uni0BC1ைற, 
தமிuni0BB4_uni0BCDநாuni0B9F_uni0BC1 அரuni0B9A_uni0BC1 uni0BB8_uni0BCDடாuni0BA9_uni0BCDலி  மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வuni0B95_uni0BCDகuni0BB2_uni0BCDuni0BB2_uni0BC26 & மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வமைன, 
ெசuni0BA9_uni0BCDைன - 600 001. 
 
பuni0B99_uni0BCDuni0B95_uni0BC1 ெபuni0BB1_uni0BC1பவ6uni0BA9_uni0BCD ெபய& :  
பuni0B99_uni0BCDuni0B95_uni0BC1ெபuni0BB1_uni0BC1பவ6uni0BA9_uni0BCD எuni0BA3_uni0BCD : 
பuni0B99_uni0BCDuni0B95_uni0BC1 ெபuni0BB1_uni0BC1வ& இதைன () uni0B95_uni0BC1றிuni0B95_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD. 
ேமேல uni0B95_uni0BC1றிuni0BAA_uni0BCDபிuni0B9F_uni0BCDuni0B9F_uni0BC1uni0BB3_uni0BCDள மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ ஆuni0BAF_uni0BCDவிuni0BA9_uni0BCD விவரuni0B99_uni0BCDகuni0BB3_uni0BCD எனuni0B95_uni0BCDuni0B95_uni0BC1 
விளuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடuni0BA4_uni0BC1. எuni0BA9_uni0BCDuni0BA9_uni0BC1ைடய சuni0BA8_uni0BCDேதகuni0B99_uni0BCDகைள ேகuni0B9F_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD, அதuni0BB1_uni0BCDகான 
தuni0B95_uni0BC1uni0BA8_uni0BCDத விளuni0B95_uni0BCDகuni0B99_uni0BCDகைள ெபறuni0BB5_uni0BC1uni0BAE_uni0BCD வாuni0BAF_uni0BCDuni0BAA_uni0BCDபளிuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடuni0BA4_uni0BC1. 
நாuni0BA9_uni0BCD இuni0BB5_uni0BCDவாuni0BAF_uni0BCDவிuni0BB2_uni0BCD தuni0BA9_uni0BCDனிuni0B9A_uni0BCDைசயாகதாuni0BA9_uni0BCD பuni0B99_uni0BCDேகuni0BB1_uni0BCDகிேறuni0BA9_uni0BCD. எuni0BA8_uni0BCDத 
காரணuni0BA4_uni0BCDதினாேலா எuni0BA8_uni0BCDத கuni0B9F_uni0BCDடuni0BA4_uni0BCDதிuni0BB2_uni0BC1uni0BAE_uni0BCD எuni0BA8_uni0BCDத சuni0B9F_uni0BCDட சிuni0B95_uni0BCDகuni0BB2_uni0BC1uni0B95_uni0BCDuni0B95_uni0BC1uni0BAE_uni0BCD 
உuni0B9F_uni0BCDபடாமuni0BB2_uni0BCD நாuni0BA9_uni0BCD இuni0BB5_uni0BCDவாuni0BAF_uni0BCDவிuni0BB2_uni0BCD இuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1 விலகி ெகாuni0BB3_uni0BCDளலாuni0BAE_uni0BCD எuni0BA9_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD 
அறிuni0BA8_uni0BCDuni0BA4_uni0BC1 ெகாuni0BA3_uni0BCDேடuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDuni0BB5_uni0BC1 சuni0BAE_uni0BCDமuni0BA8_uni0BCDதகமாகேவா, இைத சா&uni0BA8_uni0BCDத ேமuni0BB2_uni0BC1uni0BAE_uni0BCD ஆuni0BAF_uni0BCDuni0BB5_uni0BC1 
ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCD ேபாuni0BA4_uni0BC1uni0BAE_uni0BCD இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD பuni0B99_uni0BCDuni0B95_uni0BC1ெபuni0BB1_uni0BC1uni0BAE_uni0BCD மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ& 
எuni0BA9_uni0BCDuni0BA9_uni0BC1ைடய மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அறிuni0B95_uni0BCDைககைள பா&uni0BAA_uni0BCDபதuni0BB1_uni0BCDuni0B95_uni0BC1 எuni0BA9_uni0BCD அuni0BA9_uni0BC1மதி 
ேதைவயிuni0BB2_uni0BCDைல என அறிuni0BA8_uni0BCDuni0BA4_uni0BC1 ெகாuni0BB3_uni0BCDகிேறuni0BA9_uni0BCD. நாuni0BA9_uni0BCD ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD இuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1 
விலகிuni0B95_uni0BCD ெகாuni0BA3_uni0BCDடாuni0BB2_uni0BC1uni0BAE_uni0BCD இuni0BA4_uni0BC1 ெபாuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1uni0BAE_uni0BCD என அறிகிேறuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BA9_uni0BCD uni0BAE_uni0BC2லuni0BAE_uni0BCD கிைடuni0B95_uni0BCDuni0B95_uni0BC1uni0BAE_uni0BCD தகவuni0BB2_uni0BCDகைளuni0BAF_uni0BC1uni0BAE_uni0BCD, ப6ேசாதைன 
uni0BAE_uni0BC1uni0B9F_uni0BBFuni0BB5_uni0BC1கைளuni0BAF_uni0BC1uni0BAE_uni0BCD மuni0BB1_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD சிகிuni0B9A_uni0BCDைச ெதாட&பான தகவuni0BB2_uni0BCDகைளuni0BAF_uni0BC1uni0BAE_uni0BCD 
மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ& ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCD ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD பயuni0BA9_uni0BCDபuni0B9F_uni0BC1uni0BA4_uni0BCDதிuni0B95_uni0BCDெகாuni0BB3_uni0BCDளuni0BB5_uni0BC1uni0BAE_uni0BCD அைத 
பிரuni0B9A_uni0BC16uni0B95_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD எuni0BA9_uni0BCD uni0BAE_uni0BC1uni0BB4_uni0BC1 மனuni0BA4_uni0BC1டuni0BA9_uni0BCD சuni0BAE_uni0BCDமதிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD பuni0B99_uni0BCDuni0B95_uni0BC1 ெகாuni0BB3_uni0BCDள ஒuni0BAA_uni0BCDuni0BAA_uni0BC1uni0B95_uni0BCDெகாuni0BB3_uni0BCDகிேறuni0BA9_uni0BCD. எனuni0B95_uni0BCDuni0B95_uni0BC1 
ெகாuni0B9F_uni0BC1uni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDட அறிuni0BB5_uni0BC1ைரகளிuni0BA9_uni0BCDபuni0B9F_uni0BBF நடuni0BA8_uni0BCDuni0BA4_uni0BC1 ெகாuni0BB3_uni0BCDவuni0BA4_uni0BC1டuni0BA9_uni0BCD இuni0BA8_uni0BCDத 
95 
 
ஆuni0BAF_uni0BCDைவ ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCD மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அணிuni0B95_uni0BCDuni0B95_uni0BC1 உuni0BA3_uni0BCDைமuni0BAF_uni0BC1டuni0BA9_uni0BCD 
இuni0BB0_uni0BC1uni0BAA_uni0BCDேபuni0BA9_uni0BCD எuni0BA9_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD உuni0BB1_uni0BC1தியளிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. எuni0BA9_uni0BCD உடuni0BB2_uni0BCD நலuni0BAE_uni0BCD 
பாதிuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடாேலா அuni0BB2_uni0BCDலuni0BA4_uni0BC1 எதி&பாராத வழuni0B95_uni0BCDகuni0BA4_uni0BCDதிuni0BB1_uni0BCDuni0B95_uni0BC1 மாறான 
ேநாuni0BAF_uni0BCDuni0B95_uni0BCDuni0B95_uni0BC1றி ெதuni0BA9_uni0BCDபuni0B9F_uni0BCDடாேலா உடேன அைத மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அணியிடuni0BAE_uni0BCD 
ெத6விuni0BAA_uni0BCDேபuni0BA9_uni0BCD என உuni0BB1_uni0BC1தி அளிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. 
 
பuni0B99_uni0BCDேகuni0BB1_uni0BCDபவ6uni0BA9_uni0BCD ைகெயாuni0BAA_uni0BCDபuni0BAE_uni0BCD ............................. இடuni0BAE_uni0BCD ................ ேததி 
 
கuni0B9F_uni0BCDைடவிரuni0BB2_uni0BCD ேரைக 
 
பuni0B99_uni0BCDேகuni0BB1_uni0BCDபவ6uni0BA9_uni0BCD ெபய& மuni0BB1_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD விலாசuni0BAE_uni0BCD ......................................................... 
 
ஆuni0BAF_uni0BCDவாள6uni0BA9_uni0BCD ைகெயாuni0BAA_uni0BCDபuni0BAE_uni0BCD ................................ இடuni0BAE_uni0BCD ....................... ேததி 
 
ஆuni0BAF_uni0BCDவாள6uni0BA9_uni0BCD ெபய& ............................................ 
 
 
 
 
 
 
 
 
 
 
 
96 
 
 
97 
 
 
 
 
TURNITIN -PLAGIARISM SCREEN SHOT  
 
 
  
 
 
 
 
 
 
 
 
 
98 
 
 
 
 
 
 
DIGITAL RECEIPT  
 
 
 
